ABSTRACT Early interspecies nuclear transfer (iNT) experiments suggested that a foreign nucleus may become permanently damaged after a few rounds of cell division in the cytoplasm of another species. That is, in some distant species combinations, nucleocytoplasmic hybrid (cybrid) blastula nuclei can no longer support development, even if they are back-transferred into their own kind of egg cytoplasm. We monitored foreign DNA amplification and RNA production by quantitative PCR (qPCR) and RT-qPCR in interorder amphibian hybrids and cybrids formed by the transfer of newt (Pleurodeles waltl) embryonic nuclei into intact and enucleated frog (Xenopus laevis) eggs. We found a dramatic reduction in the expansion of foreign DNA and cell numbers in developing cybrid embryos that correlated with reduced gene transcription. Interestingly, expansion in cell numbers was rescued by the recipient species (Xenopus) maternal genome in iNT hybrids, but it did not improve P. waltl DNA expansion or gene transcription. Also, foreign gene transcripts, normalized to DNA copy numbers, were mostly normal in both iNT hybrids and cybrids. Thus, incomplete foreign DNA replication and/or chromosome segregation during cell division may be the major form of nuclear damage occurring as a result of nuclear replication in a foreign cytoplasmic environment. It also shows that the mechanisms of embryonic gene transcription are highly conserved across amphibians and may not be a major cause of cybrid lethality.
Introduction
Shortly after the introduction of the technique of nuclear transfer (NT) in Rana pipiens frogs (Briggs and King, 1952) , Moore was the first to report interspecies nuclear transfer (iNT) experiments, between R. pipiens and R. sylvatica (Moore, 1958) . His major observations were that cybrid development proceeded normally until the late blastula stage, but that the embryos then arrested and expired, similar to what happened when enucleated eggs of one species were cross-fertilized with sperm of the other species (Moore and Moore, 1953) . Moreover, after performing back-transfer experiments in which cybrid blastomere nuclei were transferred back into enucleated eggs of the nuclear species, he observed extent of damage remained unclear. It was later demonstrated that such kinds of irreversible nuclear damage does not occur in all lethal interspecific cybrids (Hennen, 1974) , thereby indicating that other kinds of fatal nucleocytoplasmic incompatibilities exist between distantly related species. Indeed, there is now increasing evidence that a whole range of nucleocytoplasmic incompatibilities exists across species, and that these may include reprogramming, cellular and/or developmental incompatibilities (Narbonne et al., 2012a) .
The possibility of an interspecific reprogramming incompatibility that would affect cybrid survival so far remains theoretical as the major reprogramming mechanisms and pluripotency factors appear to be highly conserved, at least across the class mammalia (Narbonne et al., 2012a; Rajarajan et al., 2012) . Indeed, even if treatment with a deacetylase inhibitor (trichostatin A) improves some aspects of reprogramming in interspecies somatic cell nuclear transfer (iSCNT), much like it does in same-species somatic cell nuclear transfer (SCNT), it does not improve survival (Shi et al., 2008; Srirattana et al., 2008; Lee et al., 2010; Gómez et al., 2011) . Reprogramming defects therefore occur in most iSCNT embryos, but these defects may not be different from those occurring in same-species SCNT embryos, hence they may not be due to an interspecies incompatibility. It nonetheless remains possible that some potential reprogramming incompatibilities in cybrids may be hidden by other fatal defects. Also, certain cybrid combinations may be more susceptible to suffer from reprogramming incompatibilities than others, for example due to a divergence in the way eggs demethylate sperm (or somatic nuclei) among some mammalian orders, such as between sheep and mice (Beaujean et al., 2004) .
Cellular nucleocytoplasmic incompatibilities, such as those that generate permanent nuclear damage in some frog cybrid combinations (Moore, 1958; Gurdon, 1962) , may exist in many cybrid cells and embryos. Indeed, in experiments where cells were isolated from cybrid embryos and grown in culture, in most cases they had a reduced proliferation and expansion capacity (Tecirlioglu et al., 2006; Sha et al., 2009; Narbonne et al., 2012b) . Also, experiments involving cultured cybrid cells generated by cell fusion suggest that there may be a nucleo-mitochondrial incompatibility between species that leads to oxidative respiration defects in cybrid cells, the severity of which correlates with evolutionary distance (McKenzie et al., 2003) . For example, it was found that mitochondrial DNA (mtDNA) from closely related non-human primates, including the chimpanzee and the gorilla, can rescue oxidative phosphorylation in mtDNA-less human cells, but not mtDNA from more distant primates, such as the orangutan (Kenyon and Moraes, 1997) . The in vivo relevance of this phenomenon however remains unclear (Cannon et al., 2011) .
Cybrid developmental incompatibilities may include defects in embryonic genome activation (EGA), if the recipient egg cytoplasm is unable to activate embryonic transcription in the foreign nucleus (Beyhan et al., 2007) . Recent evidence however suggests that EGA is at least partially successful in several relatively distant and lethal cybrid embryos, in that the transcription of many embryonic genes is initiated normally Fujimoto et al., (Osteichthyes, Tetrapoda, Amniota) , classes (Actinopterygii, Amphibia, Reptilia, Aves, Mammalia) and orders (Perciformes, Cypriniformes, Anura, Caudata) . Approximate divergence times (MY) are based on minimal divergence times estimated from fossil records (Janvier, 2006; Benton and Donoghue, 2007) , except for the radiation of Actinopterygii (~260 MY), which is the mean of estimates based on mtDNA and nuclear DNA divergence (Hurley et al., 2007) , and for the separation of Anura and Caudata (~320 MY) , which occurred within 10 MY following the appearance of Amphibia (Roelants et al., 2007) . Adapted from (Nomiyama et al., 2011) Narbonne et al., 2011) . Defects in gene expression however become apparent if the embryos are cultivated for longer durations (Fujimoto et al., 2010) , but it is unclear whether this occurs secondarily to other reprogramming, cellular and/or developmental defects, or because of a genuine inability to maintain embryonic transcription.
A new form of developmental nucleocytoplasmic incompatibility has also recently been identified, and may occur when a gene's orthologs have different expression levels or patterns, or have different regulatory mechanisms, in related species. Examples of this come from studies in X. laevis and X. tropicalis, two frog species separated by approximately 50-65 million years (MY) (Evans et al., 2004; Roelants et al., 2007) . Incubation of nuclei from one species in egg extracts from the other species results in nuclear and spindle expansion, the magnitude of which depends on the extract (cytoplasmic) species. This difference arises because a relatively small number of protein orthologs diverge in their concentrations or in their regulation in the two species. Indeed, the difference in nuclear expansion is dependent on the concentrations of two nuclear transport factors (Importin a and Ntf2), while spindle scaling is affected by the presence of an inhibitory phosphorylation site on a microtubule severing factor (Katanin) ortholog (Levy and Heald, 2010; Loughlin et al., 2011) . It is however uncertain whether the aforementioned differences affect development in cybrid embryos made from these two species. It would nonetheless appear that an interspecific difference in the concentrations of a key embryonic transcription factor (Xbra) that is important in driving gastrulation movements might be detrimental to cybrid development. This occurs because the regulation of protein concentration in the early cybrid embryo is under maternal, cytoplasmic (rather than nuclear) control, which leaves cybrids with inappropriate protein concentrations to sustain development that could be promoted by their foreign nuclei (Narbonne et al., 2011) . It is uncertain whether similar kinds of problems may occur in other cybrid combinations.
A large number of relatively distant cybrids formed by the combination of interspecific, intergeneric, interfamily and interorder placental mammal nuclei and egg cytoplasm have been described (Beyhan et al., 2007; Loi et al., 2011) . In most combinations, blastocysts have been obtained, but embryo survival and development potential generally correlates inversely with evolutionary separation. The entire placental mammal lineage evolved over about 160 MY (Luo et al., 2011) ; very few highly divergent (>250 MY) non-mammalian interorder, or interclass cybrid embryos have been generated, and they remain poorly described ( Fig. 1 ; Yan et al., 1990 Yan et al., , 1991 Kim et al., 2004; Liu et al., 2004) . Moreover, in these studies it was not demonstrated that the few animals that developed further were indeed genuine cybrids (without any nuclear DNA contribution from the recipient species). As the most subtle interspecies incompatibilities may become obvious in increasingly distant combinations, we have examined sequence-specific nucleic acid contents in an amphibian interorder cybrid, generated by the transfer of embryonic Pleurodeles waltl (Iberian ribbed newt) nuclei into enucleated and non-enucleated Xenopus laevis (African clawed frog) eggs. This is possibly the most evolutionarily divergent (~320 MY) interspecific cybrid so far reported (Fig. 1) .
Results

P. waltl to X. laevis nuclear transfer interorder cybrids form late blastulae
To determine the extent with which the egg cytoplasm of one amphibian species can support the development that is promoted by the nucleus of a different order, we have transferred endoderm nuclei from P. waltl embryos into X. laevis eggs whose nuclei had been previously inactivated using ultraviolet (UV) irradiation (Elsdale et al., 1960) . These particular two species were chosen based on availability and their similar culture conditions and optimal growth temperature range. X. laevis eggs were chosen as recipients because of the well established NT methodology using this species' eggs (Elsdale et al., 1960) . Embryonic endoderm is an efficient nuclear donor tissue for same-species NT in X. laevis and 30 to 45% of total nuclear transferred embryos commonly reach a late blastula stage (Gurdon, 1960) . We presumed that tissue differentiation would follow similar rules in Pleurodeles (Picheral, 1962; Gallien et al., 1973) , and thus we used this tissue as a nuclear donor in our experiments in order to minimize the effect of potential reprogramming incompatibilities between the two species. A relatively high percentage (~35%) of the resulting P-> [X] (where the first and second capital italic letters represent the genus of the nuclear donor and recipient egg, respectively; the arrow (->) indicates that the procedure for NT was carried out; and square brackets indicate that a component's nucleus had been inactivated) cybrids could develop until the late blastula stage, albeit they all had varying degrees of abnormality (Table 1; Fig. 2) . No cybrid embryos were observed to begin gastrulation movements, and they instead arrested and died as late blastulae (Figs. 1-2). Interestingly, although we have not quantified this defect, the early cleavages in P->[X] NT embryos were frequently delayed and abnormal or irregular, resulting in misshaped or unequal blastomeres ( Fig. 2) , which may be linked to defects in spindle assembly and/or chromosome segregation (Wheatley et al., 1998) . This also happened in same-species NT (X->[X]), but to a much lesser extent and magnitude (Fig. 2) . These results indicate that the X. laevis egg cytoplasm is unable to sustain the full development that is promoted by a P. waltl nucleus. On the other hand, it suggests that the X. laevis egg cytoplasm can recognize this very distantly related nucleus, such that a relatively high percentage of the resulting cybrid embryos can undergo multiple rounds of cell division and develop until a late blastula stage.
Inherent inability of X. laevis egg cytoplasm to replicate and/ or segregate P. waltl DNA To approximate the expansion in cell numbers in cybrid embryos, at the time where controls had reach the late blastula stage, we classified all the iNT embryos into one of five grades ( numbers is impaired in interorder cybrid embryos.
The abnormal cell divisions and reduced expansion in cell numbers in cybrid embryos could either arise as a result of the foreign nuclei or chromosomes interfering with the process of cell division in X. laevis cytoplasm, or because of a genuine incapacity of the X. laevis cytoplasm to efficiently replicate and/or divide cells carrying P. waltl DNA or chromosomes. To test this, we have transferred endoderm nuclei from P. waltl embryos into intact (nonenucleated) X. laevis eggs. Interestingly, when compared to P->[X], the resulting P->X embryos formed significantly more blastulae that either showed signs of cleavage or had regular cells, and amongst blastulae that had regular cells, the area covered was significantly increased (Table 1 ; Fig. 2) . The developmental success of P->X hybrid embryos, in terms of the area of blastula stage embryos covered by regular cells, was significantly improved even compared to X->[X] controls (Table 1 ; Fig. 2 ). These observations argue that P. waltl chromosomes do not interfere with cell division promoted by the X. laevis egg cytoplasm.
We allowed several of the most regular P->X late blastulae obtained to develop further, and to our surprise most of them survived through gastrulation and neurulation ( abnormal post-neurula stage embryos that ranged from poorly elongated, microcephalic post-neurulae, to haploid syndromelooking (Hamilton, 1963) , or even perfectly normal, diploid-looking X. laevis late tailbud stage embryos (Fig. 2) . Unlike all known hybrids, which show a phenotype that is intermediate between the two parental genomes, none of the P->X embryos showed any obvious features that would make them resemble P. waltl embryos. These observation led us to suspect that P->X embryos may either not contain P. waltl DNA, and/or may not express P. waltl genes. Thus we considered the possibility that the X. laevis egg cytoplasm may not be very efficient at replicating and/or segregating P. waltl chromosomes. If this was the case, it would suggest that the poor capacity of the X. laevis egg cytoplasm to promote the normal cell division and expansion of cells carrying P. waltl nuclei in P-> [X] cybrids arises as a result of a genuine incapacity of the X. laevis cytoplasm to efficiently replicate and/or segregate P. waltl DNA or chromosomes.
To test this hypothesis, in a first instance, we looked at the chromosomal and nucleolar content in a small number of late neurula/early tailbud stage P->X embryos that were sacrificed. Chromosomal spread analysis indicated that some cells in P->X embryos unambiguously contained more than 18 chromosomes, the haploid X. laevis chromosomal complement, but no cells had 42 distinguishable chromosomes, the full complement that would be expected in this hybrid NT combination (Fig. 3) . In Xenopus, nuclei contain up to one nucleolus per haploid genome, thus up to two nucleoli per diploid nucleus. In P. waltl, we observed up to four nucleoli per nucleus in diploid individuals (Fig. 4) . In P->X hybrids, there were up to three nucleoli/nucleus, albeit three occurred only in a very small proportion (~0.4%) of the nuclei, and most had either one (65.5%) or two (34%) nucleoli (Fig. 4) . Since haploid X. laevis embryos have only one nucleolus per nucleus (Narbonne et al., 2011) , this suggests that at least some, but likely not all of the nucleolar organizing centres within the diploid P. waltl genome initially transferred are still present and functionally recognized in many cells of late neurula/early tailbud stage P->X hybrid embryos. These data together suggest that several cells in late neurula/early tailbud stage P->X hybrid embryos likely contain an incomplete fraction of the P. waltl diploid genome initially transferred.
To unambiguously assess the fate of the transferred P. waltl genome in P->[X] cybrid and P->X hybrid embryos, we performed qPCR using both X. laevis and P. waltl specific primers for several genes with known nucleotide sequences, which we found on the NCBI nucleotide database. Amongst the selected P. waltl genes, we chose three Hox genes located in different clusters, each of which are generally located on a different chromosome in vertebrates (Bailey et al., 1997) . Thus, our analysis is expected to be representative of the behaviour of at least a few different chromosomes. To control and validate our approach, we first quantified gene copy 
DEVELOPMENT AND SURVIVAL OF POST-BLASTULA STAGE NUCLEAR TRANSFER HYBRIDS
* , Many of the late blastulae indicated in Table 1 , were sacrificed for analysis, and hence not included in this table. Some of the abnormal and normal late neurulae were also sacrificed for analysis either at this stage, or at the early tailbud stage. Most of the animals that were allowed to develop further are shown in Fig. 2 as examples. Post-blastula development of P->X was not significantly different from X->[X] controls (P = 0.5; Chi Square analysis).
numbers of a few X. laevis genes in the different kinds of embryos analysed here. The results were homogenous across all genes tested, and indicated an expansion in X. laevis gene copy number in the order of 10 000-fold in all stage 9 embryos that contained at least one copy of the X. laevis genome, but not in P. waltl or P->[X] embryos, confirming successful nuclear inactivation of X. laevis eggs (Fig. 5) . The magnitude of DNA amplification is also consistent with published data (Dawid, 1965) . We expected P->X stage 9 embryos to contain only half as many gene copies as X. laevis stage 9 diploid controls, but our assay did not detect a significant difference (Fig.5) . This is likely due to a limitation in the sensitivity of the assay, which may not have detected a two-fold difference in this case. It is also conceivable that a number of P->X embryos contained a diploid X. laevis genome complement, possibly due either from a failed extrusion of the polar body or to endoreplication before the first cleavage. This possibility however appears unlikely to fully explain the result as such abnormal genome duplications only occur in about 10% of the cases in X. laevis NT embryos (Gurdon, 1959) . When we performed the qPCR analysis with P.
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waltl gene specific primers, we again found homogenous results across all genes tested. As expected, P. waltl late blastulae (stage 7) and early gastrulae (stage 8) respectively had about 7000-fold and 14000-fold more copies of each genes than one-cell P-> [X] and other controls (Fig. 6 ). These numbers are consistent with cell count estimates in A. mexicanum embryos (Hara, 1977) , a related Caudata species. Interestingly, we found that in both P->[X] and P->X, P. waltl genes were amplified on average only ~200-fold by the time control X. laevis embryos reached a late blastulae stage (Fig. 6) . These results confirm that the X. laevis egg cytoplasm is unable to properly expand P. waltl DNA during development, but that it significantly expands it, and rather homogeneously, at least across the genes/chromosomes tested. Moreover, leaving the maternal genome in the recipient egg rescued the expansion in cell numbers (surface of late blastulae covered by regular cells; Table 1 ; Fig. 2 ), but had no significant effect (P = 0.3) on P. waltl DNA expansion (similar gene copy numbers in P->[X] and P->X late blastulae; Fig. 6 ). This indicates that the reduced P. waltl DNA copy numbers present in iNT late cybrid blastulae does not result from a reduced rate/success of cell division per se, but from a genuine inability of the X. laevis cytoplasm to properly replicate and/or to segregate Pleurodeles DNA/chromosomes into daughters cells during cell division.
Embryonic gene transcription occurs in cybrid embryos
Embryonic gene transcription has been demonstrated to occur, at least at a global scale, in some lethal cybrids (Fujimoto et al., 2010; Narbonne et al., 2011; Wang et al., 2011 ), but we do not know whether EGA failure could explain lethality in the most distant cybrid combinations. We have used RT-qPCR to assess gene transcription in interorder hybrid and cybrid NT embryos, using P. waltl-specific primers. A limited number of genes were investigated for transcription due to the poor availability of known P. waltl gene sequences that are transcribed in late blastula stage embryos. We detected significant transcript levels for GAPDH, Shh, Otx2, and larval a-Globin in stage 7 P. waltl embryos (Fig. 7) and thus pursued the analysis with these four genes in cybrids. Although some iNT embryo samples did not contain detectable levels of transcript for some of the genes tested, transcription from these P. waltl genes was detected in both P->[X] (4/4 genes) and P->X (3/4 genes) late blastula stage embryos (equivalent to P. waltl St. 7 or X. laevis St. 9). Expression levels were however generally reduced (~10-1000 fold) as compared to P. waltl late blastula stage embryos (Fig. 7) . For GAPDH, we have sequenced the amplified RT-qPCR product directly and confirmed a P. waltl-specific amplicon origin in 2/2 cybrid embryos (Fig. 8) . Since preventing X. laevis embryo transcription by the use of a-amanitin results in 100% late blastula stage arrest (Narbonne et al., 2011) , EGA was undoubtedly initiated and successful in many of the P->X embryos ( Fig. 2; Table 2 ). As P. waltl gene expression was not increased in P->X, compared to P->[X] embryos (Fig. 7) , it suggests that the activation of P. waltl gene transcription by the X. laevis egg cytoplasm is independent of the presence of a X. laevis genome, or of the global transcriptional activity of the embryo, and that EGA (on P. waltl genes) occurred equally well in P-> [X] and P->X iNT embryos.
Although P. waltl transcript numbers were dramatically reduced in iNT embryos as compared to P. waltl diploid late blastulae (Fig.7) , P. waltl DNA levels were also dramatically reduced (Fig.  6) . We therefore divided the quantity of transcripts obtained for each gene by the number of P. waltl diploid genome equivalents (based on the qPCR assays) found in each kind of late blastula stage embryos (Fig. 7) , in order to determine the level of P. waltl gene transcription per gene copy. Remarkably, the average number of transcripts per gene copy was, in most cases, comparable in P-> [X] and P. waltl diploid late blastula stage embryos (Fig. 7) . Thus, the results overall suggest that the X. laevis egg cytoplasm has an inherent inability to efficiently replicate and/or segregate the foreign P. waltl genome, but that it is able to appropriately activate and transcribe genes from the P. waltl genome.
Discussion
Despite an extensive exploration of the potential of one species' eggs to reprogram and promote the development that is supported by another species nucleus, little is known about the nature of interspecific nucleocytoplasmic incompatibilities (Beyhan et al., 2007; Loi et al., 2011) . One certainty that arose from early back-transfer experiments in frogs is that the foreign nucleus may be permanently damaged after undergoing a few rounds of cell division in some, but not all, other species' egg cytoplasm (Moore, 1958; Gurdon, 1962; Hennen, 1974) . We have shown here that the genes, and hence presumably also the chromosomes that carry them, of P. waltl are inefficiently replicated and/or segregated during cell division in embryos with X. laevis cytoplasm, in a rather uniform manner. DNA/chromosome loss during cell division in a foreign species cytoplasm is therefore a form of nuclear damage that occurs during the development of cybrid embryos, and may therefore explain some of their lethality and the failure of back-transfer experiments. Which of DNA replication or chromosome segregation defects are responsible for the interspecific nucleocytoplasmic incompatibility Fig. 5 . Normal X. laevis DNA amplification in interorder hybrid embryos. DNA was extracted from embryos of the kinds and stages indicated, and subjected to real-time qPCR analysis for selected genes using X. laevis-specific primers. The bottom left graph (dark green) shows an average of all four genes. To convert the relative quantities obtained into a diploid genome equivalent, we have assumed that there were ~16 700 cells in stage 9 X. laevis embryos. This number was inferred from DNA contents in X. laevis embryos (Dawid, 1965) . Asterisks (*) indicate statistical significance versus their respective egg/NT zygote/2-cell control (P < 0.05; one-tailed t-test with unequal variance) . Error bars represent the standard deviation. We could not find a cell number estimate for Pleurodeles, but (Hara, 1977) remains unclear, yet the latter appears more likely. Indeed, DNA replication in early X. laevis embryos does not depend on specific sequences (Hyrien and Méchali, 1993) , and X. laevis egg extracts can replicate mammalian DNA almost as efficiently as X. laevis sperm DNA (Dimitrova and Gilbert, 1998; Ganier et al., 2011) . Thus, it appears unlikely that P. waltl DNA would not be efficiently replicated in X. laevis early embryos. Faithful chromosome segregation, on the other hand, requires the recognition of centromeres by kinetochore proteins, and yet the DNA and protein components specific to centromeric chromatin show rapid evolution (Henikoff et al., 2001) . Indeed, centromeric DNA sequences have little or no resemblance to each other over relatively short evolutionary times (Birchler et al., 2009) . Thus, we would favour the hypothesis that centromeric sequence divergence between X. laevis and P. waltl has led to the consequence that centromeric P. waltl DNA is not efficiently recognized by centromeric proteins in the X. laevis cytoplasm, leading to an unfaithful segregation of P. waltl chromosomes. This idea is supported by two analyses of interspecific lethal fish hybrids in which uniparental chromosome elimination has been shown to occur during early embryogenesis, although the chromosomes were not always lost from the foreign species (paternal) nucleus (Fujiwara et al., 1997; Sakai et al., 2007) . Also, since aberrant chromosome segregation frequently occurs (in >90% of the embryos) during early cleavages in same-species SCNT mouse embryos (Mizutani et al., 2012) , even a small interspecific incompatibility that would impair foreign species chromosome segregation in cybrid and hybrid cells may be exacerbated in NT embryos.
Defects in EGA have long been thought to be a major cause of interspecies nucleocytoplasmic incompatibilities and cybrid lethality, yet in most studies in which embryonic gene transcription has been assayed, transcript levels were normal for at least some of the genes that were investigated Fujimoto et al., 2010; Narbonne et al., 2011) . This contrasts with some earlier studies in which mRNA production was globally reduced in cybrids (Woodland and Gurdon, 1969; Chung et al., 2009 ), but cell numbers or DNA content of cybrid embryos were not investigated. Our results are thus key in that they provide evidence that gene transcription in early embryos is a highly conserved process, at least in amphibia, and may not therefore be one of the critical limiting factors for cybrid development.
The efficiency of same-species SCNT is low, especially in primates, and a few groups have explored the potential of non-enucleated eggs as NT recipients, as opposed to enucleated eggs. In all cases, the development of the resulting NT triploid or tetraploid embryos was dramatically improved when non-enucleated eggs were used as recipients when compared to enucleated eggs (Sotomaru et al., 2009; Yang et al., 2010; Noggle et al., 2011) . Because the maternal nucleus can support early embryonic development on its own to form haploid larvae/blastocysts, it is conceivable that the transplanted somatic nucleus does not fully participate in development during the early steps, although it is eventually completely reprogrammed after culture of the ES cells extracted from the resulting triploid NT blastocyst stage embryos in human (Noggle et al., 2011) . A different interpretation is that some key reprogramming factors are so tightly associated with the maternal chromosomes, even during mitosis, that they are inevitably removed from the egg along with the maternal genome, at least with the current enucleation methods (Egli and Eggan, 2010 ). Here we have compared the developmental potential of iNT embryos using intact and enucleated recipient eggs. Our results showed that the presence of the maternal genome did not improve the replication and/or segregation of the foreign DNA. Also, because the transcription of P. waltl genes was not improved when the maternal genome was left intact and EGA evidently occurred normally, it proves that embryonic gene transcription initiated normally in cybrids. It is however possible that the transcription of a certain number of genes would remain aberrant in cybrids, due to incompatibilities in their regulatory elements.
Materials and Methods
Eggs and embryos X. laevis adults were maintained and eggs were obtained as previously described (Narbonne et al., 2011) . P. waltl adults were maintained as described elsewhere (Gallien et al., 1973) . All embryos were maintained at 16-18°C. X. laevis egg-based embryos were staged according to (Nieuwkoop and Faber, 1956) and P. waltl embryos, according to (Shi and Boucaut, 1995) .
Nuclear inactivation and nuclear transfer
Nuclear inactivation and NT were performed essentially as previously described (Elsdale et al., 1960) , using endodermal cells from gastrula, neurula or early tailbud stage X. laevis or P. waltl dissociated embryos (depending on availability) as nuclear donors. For NT to non-enucleated X. laevis eggs, the jelly was permeabilized by placing the eggs sideways for the ~4 seconds UV (Hanovia) treatment, ensuring that the white germinal vesicle breakdown spot was not irradiated.
Nucleic acid isolation and qPCR/RT-qPCR
DNA and RNA were simultaneously isolated from 1 to 3 eggs/embryos at the time, using the AllPrep ® DNA/RNA kit (Qiagen), according to the manufacturer's recommendation. In cases where only RNA was isolated, the RNeasy ® kit (Qiagen) was instead used. Total RNA concentrations were calculated from their optical density at 260 nm using a NanoDrop ® . Reverse transcription and/or qPCR reactions were performed using SYBR Green as previously described (Halley-Stott et al., 2010) , with the following primer pairs (5'->3': Forward -Reverse) for P. waltl GAPDH: see (Bascove and Frippiat, 2010) ; Shh: TCAGCGCCCAGAGAGCTT -CCATTCGCCGGTCCCTAT; Otx2: GCGGGAAGTGAGCTCAGAAA -TGTGGTAGGCGGTGGTGTAA; HoxA4: CGGCGCATGAAATGGAA -GGAGCGCATCTTGGTGTTG; HoxA9: CCGTCCGCCAACTGGTT -GGTGTAAGGGCAGCGTTTTTT; HoxB9: CCCCATGTAGTGTGTCCACAAC -GCGCGCTCCTGGAAGA; HoxC10: TGAATCGCCCCCTTACGAT -CACACAAGACCCACTACAAAACG; larval a-Globin: AAACGACATGGAGGCAAGGT -TGCATGTGCTTGGCTGCTT, and for X. laevis GATA4: see (Narbonne et al., 2011) ; Shh: GACCGCG-GCCCATCTAC -ACGACCTGGTGCCGTTGA; Otx2: GCGACCCCCAG-GAAACA -CAGTTGGGCCCTGGTAAAAG; larval a-Globin: TGTCCCA-CACTATCCAGGTGACT -GGCTGTGGCATCAAATTCATC. Dissociation curves were checked for each reaction, and when there was no clear peak present at the appropriate melting temperature (+/-0.5°C) for an RT-PCR amplification product (as in the case of unspecific amplification products), the relative quantity was adjusted to the -RT value, in order to facilitate data interpretation. Data were averaged across biological replicates (3 to 21 samples per egg/embryo kind), and in cases where there were technical replicates, the highest quantity obtained for each sample was selected for the analysis. Only grade 3 (or better) blastulae (see Table 1 ) were used for this analysis. Fig. 8 . P. waltl gene transcription by the X. laevis egg cytoplasm. RT-qPCR amplicons from one P. waltl and two P->[X] cloned embryo were sent for sequencing using the same P. waltl-specific primers as for the qPCR reaction (shown at each ends of the target sequence in the second row). Sequences perfectly matched with the P. waltl GAPDH cDNA sequence found in the NCBI database (second row), but not with X. laevis GAPDH cDNA (top row). Nucleotides specific to X. laevis are shown in red and those specific to P. waltl, in blue. Predicted exon/exon boundaries are indicated by green arrowheads, assuming they are conserved between X. tropicalis, X. laevis and P. waltl, and that splicing follows the rules established by (Breathnach and Chambon, 1981) .
